Study objective: To evaluate whether cognitive performance in childhood is an early determinant of adult illness. Design: Prospective cohort study covering over 30 years. Setting: Providence, Rhode Island, USA. Participants: 633 people ages 30-39 followed up since birth as part of the Providence cohort of the national collaborative perinatal project. Main results: Higher cognitive performance at age 7 was related to a significantly reduced risk of serious illness in adulthood, OR = 0.65 (95%CI: 0.47 to 0.89) for a one standard deviation (15 point) increase in IQ score. This association was independent of both parental socioeconomic status and participant's attained level of education. Conclusions: General cognitive performance may be an important and informative early determinant of adult health. Further evaluation of this association and mechanisms linking cognitive performance and health may provide new and innovative strategies to improve disease management and reduce morbidity.
O ver the past decade there has been a shift in thinking about the causes and prevention of illness in adulthood. Experiences throughout the life course, and in particular experiences in early life including birth weight, 1 fetal growth, 2 and socioeconomic status 3 have gained prominence as determinants of adult health. 4 Evidence has recently emerged suggesting that general cognitive performance in childhood may be an important early determinant of adult health as well. For example, studies show that people with higher cognitive functioning late in life had a reduced risk of mortality. 5 Furthermore, a similar association between mortality risk and cognitive functioning is found when cognitive performance is measured in childhood. [6] [7] [8] However, we are not aware of any studies that evaluated whether cognitive performance in childhood is associated with morbidity earlier in the life course.
Research findings across diverse disciplines suggest that the link between intelligence and health is an important, yet untapped, area of research. 9 Understanding the association between cognitive performance and health may provide new and innovative strategies to improve disease management and reduce morbidity. This study evaluates the hypothesis that an advantage in cognitive performance in childhood is associated with a lower risk of serious illness in adulthood, independent of socioeconomic status in both childhood and adulthood.
METHODS

Study sample
Subjects were offspring of mothers enrolled in the Providence, Rhode Island site of the national collaborative perinatal project (NCPP; described in detail by Niswander and Gordon 10 ). Briefly, the NCPP was a multi-site cohort study that involved the prospective observation and examination of over 50 000 pregnancies through the first seven years of life in 12 cities across the United States. In the Providence site, 4140 pregnancies were enrolled between 1959 and 1966.
In 1996, when subjects were in their early 30s, 1062 people in the Providence cohort were selected for a follow up study. This follow up study was carried out with a specific interest in evaluating the long term outcomes of people with learning disabilities as children. All participants in the Providence cohort with a learning disability at age 7 were selected for follow up (n = 452) and 610 people without learning disabilities were also randomly selected. All subjects selected for follow up had a full scale IQ (FSIQ) greater than or equal to 80 at age seven. 11 People with a FSIQ less than 80 were excluded because the FSIQ score is outside of what is viewed as the normal range for the general population, 12 and there is no consensus on how to diagnose learning disabilities in people with a very low IQ. 13 During the adult interview, participants completed several neuropsychological tasks and provided information on a variety of domains about themselves and their families.
Health status
During the follow up interview, information was collected on nine conditions representing a range of illnesses that can be considered serious. In a similar format to the national health and nutrition examination survey epidemiologic follow up study 14 subjects were asked ''Have you ever been told by a physician/osteopath that you had…?'' Diseases included heart disease, diabetes, cancer, asthma, arthritis, stroke, bleeding ulcer, tuberculosis, and hepatitis. Subjects who answered ''yes'' to any of the questions were then asked their age at first diagnosis. Because participants were comparatively young and the prevalence of each illness was low, a dichotomous measure was created indicating the presence of any of the above conditions.
Wechsler intelligence scale for children, 15 which provided an estimate of each child's FSIQ. The mean FSIQ in this sample was 99.0 with a standard deviation (SD) of 12.2. In the general population, the mean FSIQ is 100 with a standard deviation of 15.
Learning disability
People were classified as having a learning disability at age 7 if their achievement on standardised tests of reading, spelling, or arithmetic was much lower than would be expected given their general level of cognitive performance. The magnitude of the discrepancy between a child's general intelligence and academic performance was estimated by calculating the ratio of a person's standard score on each subtest of the wide range achievement test 16 in comparison with their FSIQ. Within each of four strata of cognitive performance (FSIQ 80-89, 90-99, 100-109, 110+), people were identified as having a learning disability if their ratio score for reading, spelling, or arithmetic was in the bottom 6.7% (1.5 SD) of ratios for that subtest. 11 Of 720 subjects interviewed in adulthood, 305 were identified as having a learning disability in childhood.
Sociodemographic measures
Socioeconomic status (SES) at age 7 was measured by a composite index adapted from the United States Bureau of the Census that averaged centiles derived from the education and occupation of the head of the household, as well as family income. 17 SES at age 7 was a continuous measure ranging from 0.3-9.7, with 9.7 indicating the highest SES.
Adult SES was measured using attained level of education. Education level was chosen because it is fairly stable across time, and more importantly, probably completed before the onset of illness. Although alternate measures of adult SES were assessed during the adult interview, they are more likely to be influenced by a significant change in health status. Educational attainment was categorised into five groups: less than high school, a general educational development degree (GED), high school graduate, some schooling beyond high school, and college graduate or higher. A GED is a high school equivalency degree obtained by subjects who did not graduate from high school.
Analysis
Multiple logistic regression was used to evaluate the relation between cognitive performance at age 7 and presence of an illness in adulthood. All multivariate models controlled for sex, race (white/non-white), SES at age 7, low birth weight (LBW), and learning disabled at age 7. Low birth weight was included to account for the association between birth weight and lower FSIQ, 18 as well as the possibility that adult health was negatively affected by poor growth in utero. 19 Although certain illnesses are associated with birth weight across the continuum, treatment of birth weight as a continuous variable did not change the results. People were considered LBW if their weight was ,2500 grams at birth. *Birth weight less than 2500 grams. ÀPercentages do not total 100% because of missing data.`General eduation development degree (high school equivalency).
Logistic regression coefficients were multiplied by 15 and then exponentiated to obtain odds ratios (OR) that correspond to a 15 point (1 SD) difference in childhood FSIQ. Interaction terms between FSIQ and sex, race, and SES at age 7 were considered, but were not included in the final models as they were not statistically significant.
RESULTS
Of 1062 subjects selected for follow up in adulthood, 47 had died or were otherwise ineligible, and 295 subjects were not assessed. Overall, 720 (70.9%) of the surviving 1105 subjects selected for follow up were successfully located and completed an interview (for further description see Buka, et al, 1998 11 ). Significantly more women and people with higher IQ were interviewed, however, no difference was found in terms of race/ethnicity, low birth weight, or SES at age 7 (see table 1 ). There was no statistically significant difference in FSIQ between those who died and those who survived to the start of the follow up.
An additional 87 subjects were excluded from the analytical sample, 13 because they did not provide responses to the health related questions, and 74 because they reported an illness of interest diagnosed before their 18th birthday. This last group was excluded to ensure that the measure of cognitive performance preceded the onset of disease, as many illnesses are known to affect cognitive performance in subclinical form. 20 21 Our interest in the effect of adult socioeconomic status in the association between IQ and illness also necessitated excluding these subjects to avoid the possibility of ''health selection,'' whereby a person's health influences social position. 22 Removing these subjects left an analytical sample of 633 people. Of those who were interviewed, there were no significant differences on any variables of interest, including sex, race, SES at age 7, LBW, or FSIQ at age 7, between the 633 subjects retained for the analysis and the 87 excluded.
Presence of a diagnosed illness in adulthood
In adulthood, subjects were between the ages of 30-39, with a mean age of 33.6 (SD = 1.8). Overall, the prevalence of each illness in adulthood was low, ranging from 0.6% (tuberculosis) to 5.2% (asthma). No cases of stroke were reported. Subjects were, on average, 27.5 years old at the time of their first diagnosis (SD = 4.9), with mean age of adult onset ranging from 25.5 for tuberculosis to 29.4 for heart disease. To determine whether the prevalence of each illness in this study was consistent with that reported in the general population, we obtained general population prevalence figures from national sources such as the National Center for Health Statistics and the SEER Cancer Registry. [23] [24] [25] We calculated the prevalence and 95% confidence intervals (CI) for each illness in our sample. For 9 of the 10 comparisons (90%), the 95% CI for our analytical sample covered the general population estimates (results not shown). There was a slightly larger proportion of subjects with diabetes in our sample compared with the general population. The prevalence and 95% confidence interval was also calculated for each illness in our sample for men, women, white people, and non-white people separately. Overall, these were consistent with national prevalence figures for individuals of similar demographics. Table 2 shows univariate associations between FSIQ at age 7 and (a) any illness, (b) each illness individually, and (c) total number of illnesses. There was an inverse gradient between FSIQ at age 7 and illness, with the prevalence of illness lowest for those with a high FSIQ in childhood. Furthermore, this pattern appeared to be general and not limited to a specific illness. A larger proportion of people with a lower FSIQ in childhood also reported multiple illnesses in adulthood compared with those with a higher FSIQ. Table 3 shows the results of two multiple regression models predicting the presence of any diagnosed illness in adulthood. As hypothesised, FSIQ significantly predicted health independent of sex, race, SES at age 7, LBW, and learning disabilities at age 7. A 15 point (1 SD) higher score in FSIQ was associated with a one third lower odds of illness (OR = 0.65, 95%CI: 0.47 to 0.89).
When attained education level was added to the model, the effect size of FSIQ remained significant and consistent with the previous analysis (OR = 0.67 (95%CI: 0.48 to 0.95) for a one SD increase in FSIQ), suggesting that the association between FSIQ and health was not fully explained by adult SES.
While educational attainment has advantages in that it is fairly stable across the life course and probably completed before the onset of illness, it can be argued that level of education is both strongly determined by, and a marker for, childhood social position and therefore not the best measure of adult social circumstances. 26 We re-evaluated our hypothesis using adult occupational class as the measure of adult SES, rather than educational attainment. Three categories of occupational class were created based on US census codes: unskilled/semi-skilled manual, skilled manual, and nonmanual. The odds of having an illness in adulthood for people in the unskilled/semi-skilled and skilled manual occupational classes were 2.11 (95%CI: 1.07 to 4.13) and 1.67 (95%CI: 0.88 to 3.15) greater compared with those in nonmanual occupations respectively. However, the effect size of FSIQ remained significant (OR = 0.70 (95%CI: 0.51 to 0.98) for a one SD increase in FSIQ), again suggesting that the association between FSIQ and health was not fully explained by adult social position.
Multivariate associations between FSIQ and each illness individually were also evaluated, with the exception of tuberculosis, which was only reported by four subjects. All odds ratios for a 15 point increase in FSIQ were less than one, ranging from 0.31 (diabetes) to 0.98 (bleeding ulcer and heart disease). Only the association with diabetes was significant. In a linear regression model predicting the number of illnesses reported in adulthood, each 1 SD increase in FSIQ was associated with a lower number of illnesses (b = 20.07, SE = 0.03, p = 0.01).
Because our outcome was based on self reported illness, we evaluated whether our results were influenced by reporting bias. According to the literature, heart disease, cancer, and diabetes are the most accurately reported by self report. 27 28 Therefore, we repeated the original analysis using the presence of any of these three illnesses as the outcome. After accounting for sex, race, SES at age 7, LBW, and learning disability at age 7, the odds of a physician diagnosis of heart disease, cancer, or diabetes was 0.53 (95%CI: 0.32 to 0.88) for a one SD higher score in FSIQ.
DISCUSSION
Results of this study provide a unique contribution to the life course literature, 6 29 suggesting that cognitive performance in childhood, measured by FSIQ, has long term effects on morbidity. This is one of the first papers to examine this relation in a comparatively young adult population. A 15 point increase in FSIQ at age 7 reduced the odds of illness in adulthood by about a third.
This association was independent of SES in both childhood and adulthood, regardless of whether attained education or occupational class was used as the measure of adult SES. Given that SES in childhood influences both cognitive performance and health status 30 it can be argued that a more sophisticated measure of SES might modify the relation between FSIQ and adult health. SES at both birth and age 7 were collected in the NCPP and were examined independently (that is, income, education, occupation) and in combination to identify the most powerful predictor of later health status. An index of the parent's SES when the child was 7 was the best predictor and was therefore used in these analyses. Existing research has similarly shown that intelligence in childhood is an independent, and potentially stronger predictor of later outcomes than childhood SES. 31 32 Strengths of this study include its large, community sample of children followed up over three decades and our ability to establish the temporal nature of the association of interest. Cognitive performance was measured at age 7, on average 21 years before the onset of illness, eliminating the concern often present in studies of elderly populations that the illness caused a decline in cognitive function. 33 While it could be argued that other early life factors may exist to further modify the association, another strength of this study is that these analyses accounted for both fetal growth and childhood SES, two factors known to influence both cognitive performance and health. A final strength of this study is that the prevalence of each illness in our sample was consistent with national prevalence figures in individuals of a similar age, suggesting that the illnesses were accurately reported. Furthermore, the association between cognitive performance and morbidity remained when the outcome was 
Key points
N People with lower cognitive performance in childhood are at increased risk for serious illness in adulthood, suggesting that childhood cognitive performance is an early determinant of adult health.
N Socioeconomic status in adulthood does not fully mediate the association between cognitive performance in childhood and adult health. Both childhood cognitive performance and socioeconomic status in adulthood are independent predictors of illness in adulthood.
N The relation between childhood cognitive performance and adult illness seems to be general, and not limited to a specific illness or set of illnesses.
limited to three illnesses shown to be accurately reported in the literature. One limitation to this analysis is that information on illnesses other than the nine evaluated was not available. Because this study focused on the presence of major illness in adulthood, additional research is needed to evaluate whether cognitive performance is associated with other health outcomes, including those considered less serious.
While the outcome of this study was limited to illnesses diagnosed after the age of 18, we evaluated whether this restriction biased the results. The association between cognitive performance and any illness diagnosed on or after age 8 (continuing to exclude those whose illness preceded the age 7 cognitive assessment), remained significant. A 15 point higher FSIQ at age 7 was significantly associated with a decrease in the odds of illness diagnosed on or after age 8 (OR = 0.72 95%CI: 0.54 to 0.95).
The generalisability of these findings should not be affected by the demographics of the sample. A large proportion of the national sample for the NCPP pregnancies was enrolled through public clinics and as a result, the study sample is skewed toward the lower socioeconomic levels. However, the skewnesss has been shown to be small 11 and in Providence, about 15% of the sample was enrolled through private obstetricians further increasing the representativeness of this cohort. 11 34 This sample, however, was limited to people with a FSIQ of 80 or higher, and the results should not be extended beyond this range.
Although a higher proportion of selected subjects with higher FSIQ scores were successfully interviewed, an informal analysis of differential attrition by IQ group found that non-interviewed people in the higher FSIQ groups would need to have a rate of illness twice that of the noninterviewed people in the lower FSIQ groups to fully mitigate the association between FSIQ and adult health.
If the association between FSIQ at age 7 and adult health is causal, key to a better understanding of this association will be the identification of mechanisms and pathways linking childhood cognitive performance and adult health. One mechanism may be that higher cognitive performance predicts health risk behaviours. There is evidence that health behaviours, such as smoking, physical fitness, diet, and alcohol use are associated with cognitive performance. 31 35 Our data show that as IQ at age 7 increases, the proportion of people who report ever having smoked daily for one month or more significantly declines (x 2 = 10.5, p = 0.01). However, smoking was not associated with adult illness in our sample. This is probably because smoking is not a risk factor for all illnesses included in our outcome, and because of the comparatively young age of the sample, as illnesses may not occur until several years after the start of smoking.
Functional literacy is another potential pathway by which cognitive performance affects health. Functional literacy expands upon traditional literacy skills to include numeracy or quantitative skills, memory, planning, and problem solving skills. While little research has directly linked FSIQ and functional literacy, it has been argued that measures of functional literacy assess a general level of cognitive performance similar to that of intelligence tests. 31 These skills are critical for the successful management of a person's health care as people are expected to read medicine labels, understand safety regulations, communicate effectively with providers, and to gain access to, and navigate healthcare systems. 36 Sense of control may also contribute to the association between childhood IQ and adult health. People with a higher level of cognitive performance may feel more in control and have less of a physiological response to stressors, resulting in less wear and tear on the body and ultimately better health. [37] [38] [39] The results of this study suggest that general cognitive performance may be an important and informative early determinant of health. We propose that skills captured by tests of intelligence are important to the successful management of a person's health. Replication and further evaluation of this association and mechanisms linking cognitive performance and health may provide new and innovative strategies to improve disease management and reduce morbidity across the life course.
